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_mixed culture of fuel 1solates.

" The corrosion of metals by microorganisms has been
. "
extensively studied since 193}, when von Wolzogen Kuhr

and van der Vlugt (1) postulated that the anaerobic sulfate-

_reducing bacterium, Desulfovibrio desulfuricans, corrodes iron;

its metabolism consumes hydrogen produced at cathodic sites for

reducing Sulfate to sulfide. The role of hydrogenase activity

. and sulfide production in the corrosion process has subseguently

been studied with these organisms (2-7) as well as with other

anaerobic bacterlas, 1.e., Clostridium nigrificans (3,&).

D. desulfuricans has been isolated occasionally from alr-
craft wing tanks (8) and fuel separators (9) and has been reported
by Hedrick et al (10) and Iverson (11l) to cause pitting corrosion

of aluminum alloys. Hedricks experiments show that aluminum

alloy corrosion by D. desulfuricané 1s more extensive under

aserated than static conditions. Corrosion under these conditions

|

was probably not associated with owth (12). 1Iverson grew

D. desulfuricans in stationary taj 8 in the presence of a

der stationary conditions
the medium was probably anagerobic because the actively growing
aerobes in the miied culture would evolve 002 and- produce
anaerobic conditions in the bottom of the taﬁks (12,1u).
Both autotrophic¢ and héterotrophic Eacteria have been

demonstrated to cause corrosion in aerobic systems. The
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oy
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autotrophic microorganisms 1 IR il

oxidizers, Thiobacillus thiooxidans and .T. thidgarué (15),

‘and the iron oxidizers Gallionella, Ferrobacillus ferro-

oxidans, and Thiobacillus ferrooxidans (16,17). Hetero-




hydrocarb

bacteria

Leptothri

genera, Siderocapsa, Spheerotilus, Clonothrix,

x, and Crenothrix (10). Although these aerobic

microorgg

aluminunm

have not
samples (
Thé
bulk stor
in the ge
(9,19).
with the

nisms are potentlally capable of causing

alloy corrosion théy spparently do not utilize
ons or corrode aircrgft wing tanks since they
been isolated from any fuel system water bottom
9,19). |

most predominant microorganisms isolated from
age tanks and aircraft fuel tanks were bacteria

nus Pseudomonas and fungi in the genus Hormodendrum

These and other microorganisme have been assoclated

production of operational difficulfies In alrcraft

fuel systems because they grow'in this aerobic environment

and oxidize the hydrocarbons in jet fuel to sludges, ermulsions

and corrosive compounds (20-22). The hydrocarbon-oxidizing

|

ricroorganisms grow in the aqueous phase of fuel-water systems

’ .

and syntheslze organlic materials which are incorporated into

.cellular

(hydrocar
compositi
of utmost
The‘
gsome of t
cultures
nitrite 1

by microo

ateriais of‘acéumulate in each phase of the medium
bon, interﬁhase, or aqueous). Changes in the
on of the aqueous phase during‘midrobial growth is -
Iimportance since corvosion 13 observed in this phasé.

objective of the work reported herein is to describe

he mechanisms by which fuel-oxidlzing pseudomonad
porrode aluminum alloys. The role of nitrate and
bns in the inhibition of aluminum alloy corrosion

3ganisms and by inorganlic salt solutions is reported.




Experimental Materials and Procedures

The media used in our studies were modifications of
Bushnell and Haas (23) (BH medium); the cormposition is
described in Figure 1. Salt solutions were sterilized by
aﬁtoclaving. Jet fuel was sterilized by Millipore filtration.
Reagent grade chemicals were used in all the studies. The
JdpP=lj jet fuels were supplied free of additives by the Alr
Force POL Retaill Distributioﬁ Station, Searspbrt,‘Mainé.

Both mlxed and pure cultures were investigated. Mixed
inocula, except where indiceted, contained pure strains of

jet fuel isolates $6 and 101 tentatlvely identified as

Pseudomonas.aeruginosa. The inoculsa for the corrosion
experiments were prepared from 48-hour cultures grown cn
BH medium. Cells were harvested by centrifugation, suspended
in distilled water, and washed three times by centrifugaticn.
Alil stock dultures and experimental rung were incubated
in 100 ml c¢f mediﬁm in 250 ml Erlenmeyer flasks at 28°C on a
gyratory shaker (New Brunswick) operating at 100 strokes per
Two types of 1/16 inch aluminum sheet, alloys 7075-T-6 |
snd 202-T-3 were cut into L- by 1/L inch coupons. The
coupons were coded at one‘end with a diamond point, cleaned,
and welghed before use. The coupons were cleaned by washing
with acetone, wiping with lintless towels, and immersing in
504 HNO3 for'l minute. The couﬁons were then rinsed with
flowing tap watef, rinsed with distilled water, dipped in
acetone, blotted dry on a lintless towel, and stored in A

desiccator until welghed.




After weighing, one 2024 coupon and one 7075 coupon were
bound together at the upper end by two 1/8 inch strips of
tygon tubing. Two piéces of applicator sticks were placed
between the two alloys snd bestween the two pleces of tygon

" tubing to prevent the alloys from touching curing incubation.
The alloys were prevented from rolling during incubation by
spreading the alloys gpart to the shape of a wishbone af the
upper enﬁ jﬁéé belowﬁhe tjéoﬁ”striﬁs; rfhé cbuponé wéfe o
sterilized by dipping first in methanol and then in acetone.

After drylng in.air the coupons were.aseptically placed in
the BH medium and incubated at 28°¢ on the gyratory shaker.

Robertsonts procedurs (Zh) wag used for cleaning the

elloy coupons after test; coupons were treated for 10
- minutes at 70°C to 80°C in the cleaning solution (20 g
K2Cr207; 28 ml 85% HBPo'u, sp. gr. 1.7; and distilled water
to 1000 ml) rinsed, dried, and reweilthed as described above.
-Weight loss was calculaféd. ‘The hydexyl form of Dowex-1,
an anion exchange resin, énd the Ly -bgen form of Dowex-50,
& catlon exchange resin, were used for determining the ionic
characteristics of the corroslon compounds produced by the
microorganismé. Sephadex G-25 gel columms were used to
separate corrosive compounds on the basgis of molecﬁlar welght.
Thls gel‘completely excludes compounds with molecular weights
srcater thén 5000. The excluded cormpounds occur in the first

few fractions.




Dowex~1 and Dowex-50 ion exchangé resins” and
Sephadex gel G-25 were prepared'for use by recomnended
proéedures (25,26).

Experimental Results and Discussion

Bianchard and Goucher (27) have reported that the time
'required for microbes to make a noncorrosive medium cqrrosive
depends on the nature and concentration of ions in the medium;.
nitrate is an especlally effective corrosion inhibitor.
~Corrosion in the pfevious study was determined by Visual
observation. In the present study the abllity of nitrate to
inhibit corrosion by young cultures. of microorzanisms has .
been confirmed by weight loss measurements. The medlum used
in this study was more corrosive than the previous medium (27),
probably because it contained only one-tenth the phosphate

concentratlion previously used. Mixed cultures of P. geruginosa

(strains 96 and 101) were used. Coupons were incubated for
30 days. The results of this experiment are shown in Figure 1.
The.défé points in Figure 1 are means of triplicate

| determinations. The results show that alloy 7075 15 more
resistant to corrosion by the growth medium and by nicro-
organisms than 1s alloy 202L4. Nitrate inhibited the. corrosion
of alloy 2024, but had little or no effect on the corrosion of

*Dowex resins were purchased from Calblochem, 1921 Cordell Ave.,
Bethesda, Maryland. Sephadex purchased from Pharmacia Fine
Chemicals, Inc., 50 Fifth Ave., New York 17, New York.
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alloy 7075. Corrosion of alloy 2C2l, cccurred in the control
medium (no microorgsnisms) at 0, 0.2, and 0. mmolar KNO3
but not at 0.6 mmolar KNO, or above. In the inoculated
medium, corrosion =f alloy 2024 occurred between O and
0.8 mmoler KNO, but not at 12 ymoiar KNOB. The presence of
microorganismsiin the growth medium caused greater corrosion
of both alloys. Nitrate at 12 mmoles/liter inhibited this
. corrosion. These results aérée with the previéus corrosion
étudies where corrosion was assessed by visual examlnation.
A statistical'analysis was performed on the weight loss
of alloy 202l from data obtained between 0 end 0.8 rmolar
KNOB. Corrcsion of alioy 202l incubated in inoculated and
sterile low nitrate media (KNO3 between O and 0.8 mmqlar)
was evaluated for stetistical significance using a standarq
Wi test" on the means. The test was significant at 0.01;
this result impliés conservatively that inoculated media
corrode more than sterile media 99% of the time.

The data in Figure 1 show that high concentrations of

nitrate (12 mmolar KNOB) protected btoth alloys from corrosion.

This agfees with our previous data (27) and with Uhlig =nd
Gilman (28), who fpund that NaNO3 completely inhiblted pitting
of 18-8 stainless steel in 1% to 15% FeCl3 solutions.
Corrosion in the latter system occurred iIn g very acidic
eavironment (pH 1.0 to 2.0), whereas corrosion by nicro-
organisms occgrred in a neutral (pH 7.0 to 8.0) environment.

Thus, the ablility of nitrate to passivate metals appears to be

a generalized phenomenon independent of the pH of the




corrogive medium. The mechanlism by which the passivity
is induced is not known.

Previously, visuel observaﬁion indicated that micro-
organisms caused corrosion in the high nitrate medium (12
rmolar KNOB)'after 3-month incubations (27). This experiment
‘Wwas repeated using weight loss measurements for evaluating
corrosionﬂ The dzta in Ficure 2 show that nitrate conccntraticns
between 0.2 and 0.8 mmolar protect the alloys from corrosion
invthé absence of microorganisms, but fail fo protecf the ailby
in the presence of microorganisms. The corrcsion results
between 0.2 and 0.3 mmqlar KNO3 were analyzed statlstically by
the "t-test" on the means. The test was highly significant
at 0.001; this result implies conservatively that, after a
90-day incubation, inoculated media corrode more than
sterilé'media 99.9% of the time.

At the high nitrate concentration (12 mmolar), however,
no differences In welght losses were observed between
inoculated and control media. The lack of corrosion by
microorganisms in the high nitrate medla 1s in disagreement
~ with our previous data, where microbes caused corrosicn in
90 days (27). These differences may be due to the use of
two different mixed cultures or to the different methods of
agsessing corrosion. The present cxperiments used a mixed
cuiture containing two pseudomonads (strains 96 and 101).

The previous experiments used a mlxed culture containing

Lk,



strain 101, Cladosporium resinas, Aspergillus riger, and

Desulfovibrio desulfuricens; D. desulfuricans did not grow

 in che aerobic system and the fungl grew poorly. The present
Vmethod of measuring corrosion was by weight loss, whereés
the previoﬁs study assessed corrosion by visual observations
of pitting and/or blackening.'

Effect of Nitrate and Nitrite on CaCl, Corrosion of

Aluminum Alldyq

Previous studiss have shown that microorganisms reduce
the nitrate concentratlon of the medium from 12 mmolar . to
0.1 rmolar during the first 19 days of incubation; nitrite
concentration increased from O to 2 mmolar during this
time (29). Nitrite has been shown to inhibit stainless
steel corrosion by FeCl3 (30). It was postulatéd that the
lack of corrosion on high nitrate medium (12 mmolar KNOB)
during the 90-day incubation was due either to nitrite
inhibition of corrosion or fo the production of products
which inhibit corrosion. -

Nitrate and nitrite were tested as inhibitors of CaClé
“corrosion. The slloys were immersed in 100-ml mixtures of
CaClz'ahd KNOB, or Ca012 and KNO,, for L, days at 2809 on a
gyratory shaker. The welght losses observed are ghown in
Figures 3 and L.

"hree different concentrations of CaCl2 were gstudled
at fcar cifferent ratios of chloride ion to KNG, or chloride
ion to KNO2 -- 0.2, 2.0, 20, and ocoratios. The data in




Figure 3 show that nitrate causes a varlety of responses

in a corrosive system., At a high molar ratio (c1/KNo3 = 20)
nitrate stimulates corrosion, whereas at lower molar ratioé
(2 end 0.2) nitrate inhibits CaCl2 corrosion of the alloys.
These effects were not observed with KNO, (Figure 4). 1In
fact, no inhibition was obsorved by nitrite even at a molar
ratio bf 0.2. This indicates that nitfite is not = corrosioh
inhibltor for these aluminum allo&s under the conditions of
theso tests.

At a Cl/KN02 molar ratio of 2, nitrite stimulated corrosion
of alloy 7075. This effect was observéd initially and the
experiment was repeated with 10 coupons in 5 separéte flasks.
Thé weight loss observed was 82.2 + 27 mg/3.8 em® (means +
maiimum deviation). The reescn for this stimulation in
corrosion 1s not known. Thus, KNO2 appears to be an effective
inhibitor only against steel corrosion. Although both nitrate
and nitrite are good inhibitors of stainless steel corrosion,
it is not possible from the data presgscnted herein or from the
literature data clted to determine which is the more effective

inhibitor.

Characterization of Corrosive and Corrosion Inhibiting

Corponents In the Aqueous Phase of 90-Day Cultures

The purpose of this phase was to determine if corrosive
- fractions exist in the noncorrosive medium (12 mmolar KNOQ)

after a 90-day growth of strain 101. Six liters of the aqueous

phase produced by strain 101 after the 90-day growth on BH




medium (12 rmolar KNO3) were fractlonated. (See Figure 5.)
The concentrated filtrate was frectionated by Lon exchange
chromatography and b§ Sephadex chromatography. In the ion
exchange fraétionations,~75 ml of concentrate were placed
on the column and eluted with flowing distilled water. The
total eluate collected was about 250 ml. .

Three ml of concentrate‘weré placed on the Sephadex
cclumn and eluted with wéter. The volume collected in each
of the colored fractions is shown in Table 2. The welght
losses obgerved with the concentrate, Dowex-l eiuate, Dowex~50
eluate, and Sephadex fractions are shown in Table 2.

| The objective of these experiments was to separate And
characterize the corrosive compounds frbm the growth media,
thus no attempt was made to obtain a welght loss balance in
the fractionation. The original 90-day sample used in the
fractionation study was noncorrosive. The éoncentrate caﬁsed'
appreciable corrosion of both alloys; alloy 707% showed about
twice as rmch vweight loss as alloy 2024. Both anionic and
cationic compounds are produced by the microorganisms, and
both ffactions caused aluminum alloy corrosion.
| The eluate from the Dowex-l, which contains catinns, OH
ions, &and neutral compounds, caused much more corrosion of
alloy 7075 than alloy 2024 -- 61.3 mg compared with 5.7 mng
by welght loss. The eluate from the Dowex-50 coluwmn, which
contains anions, ut ions, and neutral compounds, like the

unfractionated concentrate caused about twice as rmuch weight
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loss from alloy 7075 as from alloy 2C2L. Very little weight
loss was observed with the distilled water and sterile medium
’ cbntrols, whiéh were processed in the game manner as the

~ inoculated samples. Neutral compounds, if they existed, did
not cause corrosion of either élloy. Very 1little corrosion
was‘caused'by the Sephadex fractions.

. The Sephadex experiment was repeated using the previously
described conditions except for the fqllowing chanres: a
large column (5 by 65 cm) was used; 200 ml of clear brown
filtrate were applied to the'column; and 80-ml fractioné_

were collécted until 1t appeared that all materials were
‘removed from the column. The results obtained show that the
first seven fractlons contained the corrosive components of
" the medium (Figure 6).l No;borrosion was observed in any of
the fractions contalning the pigmented materials. These
data indicate that old cultures could cause corrosion by
produciﬁg large molecular weight components (molecular
‘weight 5000 and above) in the medium. The composition'of
these large molecular weight materials is presently unknown.
Zxperiments are now in progress to determine (1) the com-
position of these materials, (2) the presence of these
naterials in young cultures, and (2) whether any of the

other fractions (8 through 2l;) inhibit corrosion.




SUMMARY AND CONCLUSICNS

The growth of microorganisms for 30 days and 90 days
in media containing between 0 and 0.8 mmolar KNO3 as the
only nitrogen source'for growth caused significantly greater
corrosion of alloys 7075 and 202u than was observed 1in
contfols. Microorganisms falled to cause corrosion, even
after 90 days in BH medium (12 mmolar KNO,), slthough the
nitrate concentration after 20 days had decreased to a
noninhibitory concentration (0.1 mmolar) for corrosion.

All nitrate concént:ations inhibited corrosion'by the

medla alone.

Microorganisms reduced some of the nitrate to nitrite
during the first 20 days incubation on 12 mrolar KNO, medla;
nitrite increased from 0 at zero time to 2 mmolar af;er 20
days. However, chemical corrosion tests showed that nitrite
was not an effective inhibitor of aiuminum elloy corrosion.
Nitrite aﬁ 10 times the concentration of CaCl2 caused no
inhibition of CaCl, corrosion of alloys 7075 and 202l.
Nitrate, however, was a very effective inhibitor.of Ca012

corrosion in this concentration range.

_ The 90-day high nitrate growth media were found to contair

corrosive anionic and cationic cnmponents upon fractionation
by ion exchange chromatography. These éorrosive components
were demonstrated by Sephadex chromatography to be large
molecules with molecular welghts greater than 5000. The
lack of corrosion by microorgaﬁisms after the 90-day
incubation in BH medium (12 mmolar KNO,) was believed to be

due to the formation of corrosion-inhibiting products.
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| - TABLE 1
EFFECT OF pH ON CORROSION OF 202 AND 7075 ALLOYS BY WATER BOTTOM

Run No. Weight Loss (mg/3.8 cmé) Incubation Init;al
Alloy 202L | Alloy 7075 Time (days) pH”
62 2,28 1.88 30 .9
66 1,91 3492 30 ko9
67 1.66 L.31 30 h.9
68 2,81 6436 | 30 4.9
69 1096 5036 1 30 h09
72 3.93 Lok 30 - 7.0
73 o 3,75 ! 30 740
74 L.0L | c.ll : 30 7.0 .
6 | 19.59 22,88 %0 9
63 15.53 |- 16.95 90 Le9
6l 19.26 20,29 | 90 L9
65 16,72 20,92 90 o9
70 16.85 16,36 90 Le9
i
! 10,82 12.80 » 90 7.0
75 8426 10,01 90 7.0
|

# Dilute KOH used for adjustment_ofupﬂ.

»» Flask broken during incubation,




TABLE 2

CORROSIVITY OF FRACTIONS FROM 90-DAY CULTURE OF 101%

Milli- | Welght Loss (mg/3.8 em?)
liters Alloy 7075 | Alloy 2024

Original Culture " - Ot 0.5
Concentrate - 62.9 33.9
Sterile Medium Concentrate - 0.1 0.1
Control :
Dowex=1-Distiiled Water - 3.5 0.2
Dowex-1-Sterile Medium Conc. -- 3.k 2.9
Dowex-1-Concentrate - 61.3 57
Dowex~-50-Distilled Water - 0.1 | 0.1
Dowex~50-Sterile Medium Conc., - 2.5 2.2
Dowex-50-Concentrate -- 35.7 17.6
Dowex-1-Concentrate-Dowex-50 - 0.1 0.1

Sephadex Fractions

Void Volume 48 0.6 0.5
Light Brown 2l 0.k 0.3
Yellow 18 0.5 0.1
Pale Amber 6 0.8 0.352
Br own 5 0 0
Deep Brown 3 0.1 O.h4
Purple 5 0.3 Oul
Yellow=Pink L 0.3 0.3
Yellow 13 1.5 0.3
Water 10 OJl OuL

#
Incubation was for 8 days at room temperature under stationary conditions.,

R N e g~ .
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50
a0 0.2g MgSO4 7H30, 0.1g KH,POy,
0.1g K2HPO,, 0.029 CaCl,0.05
F OB ~ MEDIUM  FeCl3, KNO3 AS INDICATED, |
© 7075 CONTROL DISTILLED WATER - 1000ml
8 30 2034 CONTROL JET FUEL 10% BY VOLUME.
\
= MEDIUM - SAME AS FIGURE 1
w 25
(Ye}
o
s 1\
L 20Q \
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ES . RP RS 0)5
--=""T 7 e
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024 CONTROL ——— "SR~
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MILLIMOLES KN03/LITER ,
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Figure 2. Effect of Nitrate in Microbial Corrosion (90-day Incubation)
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WEIGHT LOSS (MG/3.8CM2}

48

\ —7075

44

; | e

40

36

28

24
2 A/ \
1] T . e TTEN \
lzr’-" - _:':':’—--«N:-J \\\ B i
T Rl - < 2 X 10 '™ —
— 2X1002 SN |CoCl
N COC|2 TN
A= 12 X 10-9M
ﬁCaCIZ 7
0.2 2 2 00 2000,
MOLAR CONC. XNO, X 10-3
Figure 4. Effect of Nitrite on CaCl2 Corrosion
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GROWTH MEDIUM CENTRIFUGE 1 HOUR AT 3000 X G

PPT AND FUEL PHASE = DISCARD

)

CENTRIFUGE 1 HOUR AT 20,

AQUEOQOUS PHASE

FILTER THROUGH 0.45 u MILLIPORE

!

000 X G 1
SUPERNATANT PPT = DISCARD
[ '
PPT = DISCARD

FILTRATE (CLEAR BROWN)

CONCENTRATE TO DRYNESS BY
LYOPHILIZATION REDISSOL VED IN 300 ML

CONCENTRATE
DOWEX-1 DOWE X-50

(OH" FORM) (H* FORM) SEPHADEX G-25

ELUATE ELUATE

CORROSION CORROSION CORROSION
DOWEX-50 FOR SEPHADEX G-10

NEUTRAL COMPOUNDS
CORROSION

Figure 5.

Extraction, Concentration, and Fractionation Scheme




WEIGHT LOSS MG/6.58 CM2

/\ ——|2024

m—==17075

300 ML OF 90-DAY BH MEDIUM
(12 MM KNO3) CLARIFIED AS IN

o~
/
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(¥ ]
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{
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1

P 4
4

SEPHADEX COLUMN.WEIGHT
LOSS DETERMINED AFTER 9-DAY

CONDITIONS AT 25°C,

EXPOSURE UNDER STATIONARY —

FIGURE 5 AND APPLIED TO G-25 —.

N
-
-l
oy

LIGHT
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COLORLESS
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1011 12 13 U4

FRACTIONS (80 ML EACH)

Figure 6. Corrosion by Sephadex Fractions




N

1 UNCLASSIF1ED
Security Classification L _

DOCUMENT CONTROL DATA - R&D

(Security clasailication of title, body ol adbetract end indexing annotation muast be sntered when the averel! report ia glasailied)

1. ORIGINATIN G ACTIVITY (Corperate author) 28 MIPOAT SECURITY C LASSIFICATION

Melpar, Ince : Unclassified

7700 Arlington Boulevard 25 omour
Falls Church, Virginia 22046 ' '

3 REPORT TiITLE

ALUMINUM CORROSION PROCESSES IN MICROBIAL CULTURES

Y

3 OESCRIPTIVE NOT#S (% ype of report and Inchusive wu)Taper paesented at the Electrochemical Soclet]
Meeting, Buffalo, N.Y., Gct. 10=-1l, 1965, To be published in Journal Electro-

S. AUTHOR(S) (Last name, firat name, initial) chemical Socie{’,y, 1560,

Blanchard, Gordon C. and Goucher, Charles R.

6. REPORT DATE 76. TOTAL NO. OF PASES |70 NO.OF REPFS
October 1L, 1965 23 30
82 CONTRACT OR GRANT NO, 94 ORIGINATOR'S REPORT NUMBRN(S)
AF 33(657)-9186 | Prc 65-84
b PROJECT NO.
3048
e. (1 g;r.utn ”Pou? HO(8) (Any sther ruambery that may be sseigned
Task No, 304801 aathd
d.

10. AVAILABILITY/LIMITATION NOTICES

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
i

;
~ )

13. ABSTRACT

This paper presents data to support the concept that microorganisms can
produce corrosion of 2024 and 7075 aluminum allcys by two mechanisms: (1)
removal of a corrcsion inhibitor, nitrate, from the growth medium and (2)
production of metabolic products in the medlum. )

Results are presented to show that nitrate is a good inhibitor of CaCl2
corrosion of alumimm alloys and that nitrite, one of the metabolic
products formed from nitrate by the microorganisms, is not an inhibitor of

Ca012 corrosion of aluminum alloys.

|

lDD 2. 1473 ' UNCLASSIFIED

Security Classification




UNCIASSIFIED

Security Classification

i XEY WORDS

LINK 8
noL i wyY

LIMS A
oL wY

LINK (
nOL &

Microbial corrosion .
Aluminum alloy corrosion
Jet fuel contamination
Corrosion mechanisms
Nitrate '

Nitrite

Corrosion inhibltors
Corrosion products

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcoatractor, grantee, Department of De-
fense activity or other orgenization (corporate author) issuing
the report.

2ea. REPORT SECURITY CLASSIFICATION: Enter the over
all security classificetion of the report. Indicste whether
“Restricted Data” is included Marking is to be in accord-
ance with sppropriate security regulatioas.

256. GROUP: Automastic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when spplicable, show that optional
merkings have been used for Group 3 and Group 4 ‘as author-
ized. ‘

3. REPORT TITLE: Enter the complete report title in all
capitsl letters. Titles in all cases should be unclassified.
If & meaningfu! title cannot ba selected without classifice-
tion, show title classificstion in all cepitals in parenthesis
immediately following the title. .

4. DESCRIPTIVE NOTES If sppropriste, enter the type of
teport, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(S): Enter the name(s) of suthor(s) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank snd branch of service. The name of
the principal «uthor i an absolute minimum requirement.

6. REPORT DATZ: Enter the date of the report as day,
month, year; or month, year. If more than one date sppears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count

shouid follow normal pagination procedures, Le., enter the
number of pages containing information.

756. NUMEBER OF REFERENCES Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written

85, 8¢c, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9s. ORIGINATOR'’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has bsen
assigned any other report numbers (either by the originator
or by the aponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-

itations on further dissemination of the report, other than those

imposed by ucurlﬁ classification, using standard stateme
such as:

(1) *'Qualified requesters may obtain copies of this
report from DDC."* .

(2) *Foreign announcement and dissemination of this
report by DDC is not authorized.’’

(3) *“U. 8 Government agencies may obtain copies of

this report directly from DDC, Other qualified DD
users shall request through

+

(4) *'U. & military agencies may obtain cop'ies of this
report directly from DDC. Other quslified users
shall request through

(S) ‘“All distribution of this raport is controlled Qua
ified DDC users shall request through

If the report has been furnished tc the Office of Techni

‘Services, Department of Commerce, for sale to the public, .

cate this fact and enter the price, if known,

1L SUPPLEMENTARY NOTES: Use for additional expls
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name
the departmental project.office or laboratory sponsoring (p¢
ing for) the reseerch and development. Include address.

13. ABSTRACT: Enter an abstract giving s brief and fact
Jummary of the document indicative of the report, even thot
it may also appear elsewhere in the body of the technical ¢
port. If additional space is required, a continuation sheet
be attached.

It is highly desirable that the abstract of classified re
be unclassified. Each paragraph of the abstract shall end
an indication of the military security classification of the i
formation in the parsgraph, represented as (TS), (S). (C). o

There is no limitation cn the length of the abstract. H
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful ti
or short phrases that characterize a report and may be used
index entries for cataloging the report. Key words must be
selected 80 that no security classification is required. Ide
fiers, such as equipment model designation, trade name, mi
project code name, geographic location, may be used as ke
words but will be followed by an indication of technics! cor
text. The assignment of links, rules, and weights is optior

GPO 808-53%1

UNCILASSIFIED
Securitv Classification




